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(71) We, Decca Limited, a British 
Company, of Decca House, 9 Albert Em- 
bankment, London. SEl 7SW, do hereby 
declare the invention, for which we pray 
5 that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 
This invention relates to a projector for 

10 projecting a movable spot of light onto a 
screen, and is particularly, but not exclu- 
sively, applicable to navigational training 
apparatus in which one or more moving 
spots of light are projected onto a screen to 

15 simulate a changing pattern of nagivation 
lights. 

These lights may, for instance be such as 
would, in a true situation, be observed from 
the bridge of a ship proceeding along a 

20 buoyed channel. 

The pattern of lights along a buoyed chan- 
nel as seen by the navigator of a ship pro- 
ceeding along the channel is similar to the 
pattern of street lamps seen by a motorist 

25 driving along a lighted street, except that 
the buoy-lights are below eye-level rather 
than above. The distant lights appear to 
move very slowly, while the apparent 
motion of near lights increases rapidly as 

30 they pass out of the driver's field of view on 
either his left or his right side. The form 
of the changing picture that should be pre- 
sented on a screen, in front of an observer, 
in order to simulate the changing naviga- 

35 tional situation, corresponds to the pattern 
that he would actually see if he were stand- 
ing on the ship's bridge (at a particular 
height above the water) at a particular, but 
alterable, point in the channel . 

40 It wiD be apparent that the pattern of 
lights may comprise not only buoy lights, 
but also the lights of other vessels, shore 
lights, lighthouse beacons, etc. The term 
navigation light used hereinafter is intended 

45 to cover all of these forms of lights. 

A particular characteristic of buoy light 
(as opposed to a ship's navigation light) is 
that it does not show continuously but 



50 



shows only for, say, 1 second in every 10 
seconds. Alternatively, it may be showing 
for most of the time but be extinguished for, 
say, 1 second in every 10 seconds. A buoy 
operating in the former manner is known 
as a "flashing** buoy, and a buoy operating 
in the latter manner is known as an "occult- 55 
ing" buoy. 

Some buoys show a white light, others 
show a red, some green, and a lighthouse 
may show a sequence of flashes using two 
or more colours. (For simplicity of descrip- 
tion "white" is deemed to be a colour.) It 
would be advantageous therefore, that each 
light spot projected onto the screen be con- 
trollable so that it can appear intermittently 
and in either of two. or more colours. 

According to the invention there is pro- 
vided a projector for projecting a movable 
spot of light onto a screen comprising an 
optical system including means defining an 
aperture which is controllably displaceable 
in a predetermined aperture plane, a light 
source for illuminating the aperture and 
means for focusing an image of the illumin- 
ated aperture onto the screen to form a 
spot of light thereon, said means defining 
the displaceable aperture comprising a first 
movable clement defining a straight slot 
which is transparent to li^t from said light 
source, a second movable element which de- 
fines a straight slot which is also trans- 
parent to light from said light source and 
which crosses the slot of the first element 
at a crossing point defining said aperture, 
and means for independently moving said 
first and second elements to displace the 
aperture in said aperture plane. 

The first and second elements may com- 
prise a pair of plates, each of which is 
opaque apart from a fine straight transpar- 
ent line which constitutes the slot, the said 
plates being mounted adjacent and parallel 
to one another with the crossed lines pre- 
ferably, but not necessarily orthogonal, and 
each being arranged to be displaced in a 
direction preferably perpendiciDar to its 
own line. 
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Meam may be provided for Interrupting 
the optical path of light from the aperture, 
thereby enabling the intermittent projection 
of the spot, and/or for interposing a 

5 coloured filter into the optical path, thereby 
to diange the colour of the spot. This 
means may comprise a movable shutter be- 
tween the elements and a projection lens 
driven by a stepper motor to any one of 

10 several, for instance three positions. In one 
of these positions, the light is cut off, in 
another the light is unchanged and in the 
third a coloured^ for instance red, filter is 
interposed. Alternatively, a number of shut- 

15 ter/ filter blades may be provided, each 
movable into the optical path to colour or 
to block the light beam from the ap^ture. 
The invention also relates to a simulating 
' system including a screen, and a plurality 

20 of projectors as hereinbefore defined, ar- 
ranged to project light spots onto the screen, 
the first and second elements of the pro- 
jectors being displaceable to produce a 
changing pattern of lights on the screen. 

25 The means for moving the first and second 
elements may comprise a lead screw and 
motor arrangement, the operation of the 
motor being controlled from a computer, in 
accord with information concerning the rela- 

30 tive positions of the lights, thereby to simu- 
late a pattern of navigation lights. 

The screen may be opaque, in which case 
the light pattern would be visible only on 
the same side of the screen as the projection 

35 apparatuses, or translucent, in which case 
the pattern could be viewed from either side. 

An embodiment of the invention will 
now be described by way of example, with 
reference to the accompanying drawings, in 

40 which: 

Figure 1 is a schematic diagram illustrat- 
ing a navigation light siimulating system in- 
cluding a plurality of projection apparatuses 
in accordance with the invention; 

45 Figure 2 is another schematic diagram 
illustrating the optical arrangement of each 
of the projection apparatuses in the system of 
Figure 1; 

Figure 3 is a schematic diagram illustrat- 
50 ing the arrangement of a pair of movable 
elements of a projector according to the in- 
vention, and one means for driving these 
elements; 

Figure 4 is a schematic diagram similar to 
55 Figure 3, illustrating another means for driv- 
ing the movable elements; 

Figure 5 is a vertical section illustrating 
the form and manner of mounting of these 
movable elements on a vertically disposed 
60 moimting plate in one preferred embodi- 
ment of the invention; 

Figure 6 is an elevational view of the ar- 
rangement of Figure 5, as seen from side 
6 and shows a number of further features 
65 of the preferred embodimcmt; 



Figure 7 is an elevational view of the ar- 
rangement of Figure 5, as seen from side 
7, and also shows further features of the 
preferred embodiment; 

Figure 8 shows one arrangement of shut- 70 
ter and filter elements which may be used 
in a projector according to the invention, 
and 

Figure 9 shows an alternative shutter and 
filter element arrangement 75 

Like parts are designated by the same 
reference numerals in the diflferent figures 
of the accompanying drawings. 

With reference first to Figure 1. a naviga- 
tion light simulating system 1 includes a 80 
screen 2 and a plurality of light spot pro- 
jectors 3 arranged to project spots of light, 
one from each projector onto the screen. 
The projectors are constructed so as to per- 
mit movement of the hght spots, as will be 85 
described with reference to Figures 2 to 7. 

The movement of the spots is controlled 
by a digital computer 4 which has a plur- 
ality of output channels 5 each coupled to 
the corresponding projector through a dig- 90 
ital to analogue converter 6. Alternatively, a 
number of analogue computers could be 
used. 

For the construction of the projectors, 
reference is now made to Figures 2 to 7. 95 
The optical arrangement, illustrated schem- 
atically in Figure 2 is similar to that used 
in a simple shde projector, there being pro- 
vided an incandescent or gas discharge lamp 
7, a concave mirror 8, a triple condenser 100 
lens system comprising converging lenses 
9, 10 and 11, a heat filter 12 and a projec- 
tion lens systan 13. In place of the usual 
slide frame, there is provided a spot form- 
ing and moving device comprising a pair of 105 
closely spaced parallel plates 14 and 15 
mounted normally to the optical axis 16 of 
die projector. Each of these plates is 
ooaque except for a fine transparent line. 
The line on the plate 14 is horizontal, and 110 
the line on the plate 15 is vertical. The 
plates are movable in orthogonal directions, 
each being movable in a direction perpen- 
dicular to that of its transparent line. That 
Is to say, as seen in Figure 2, plate 14 is 115 
movable vertically, while plate 15 is mov- 
able normally to the plane of the paper. 

The construction and mounting of the 
plates 14 and 15 will be described in detail 
hereinafter with reference to Figures 3 to 120 
7. 

With refOTence again to Figure 2, a shut- 
ter and filter assembly 17 is disposed be- 
tween the plates and the projection lens 
system 13, for shutting off, or colouring the 125 
li^t leaving the projector. Two alternative 
forms of this assembly 17 will be described 
hereinafter with reference to Rgures 8 and 
9. 

With reference to Figure 3, the point of 130 
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intersection 18 of the horizontal line 19 on 
plate 14, and the vertical line 20 on plate 15 
defines the position of the corresponding 
light spot on the screen 2. The spot is there- 
5 fore movable in any direction on the screen 
(and at an adjustable speed), by the con- 
trolled movement of the two plates 14 and 
15. Plate 14 is driven by a stepper motor 
21 arranged to rotate, via gear wheels 22 

10 and 23, a threaded shaft 24 of a lead screw 
assembly 25. The assembly 25 also includes 
. an internally threaded member 26, mounted 
on the plate 14 and cooperatively engaged 
with the shaft 24 so that the plate 14 is dis- 

15 placed vertically as the drive shaft of the 
motor 21 rotates. A similar drive assembly, 
comprising stepper motor 27. gear wheels 
28 and 29 and lead screw assembly consist- 
ing of threaded shaft 30 and internally 

20 threaded member 31 is provided for dis- 
placing the plate 15 horizontally. Each plate 
is spring loaded to remove backlash in the 
screw. The stepper motors 21 and 27 are 
coupled to he actuated in accord with sig- 

25 nals received over the corresponding output 
channel of the computer. An alternative 
drive assembly for the plates 14 and 15 is 
illustrated in Figure 4. Here, lead screw as- 
semblies are driven through gear wheels 

30 from servo motors 32 and 33, controlled 
through closed loop systems including servo 
potentiometers 34 and 35 and servo ampli- 
fiers of high gain to ensure that small signal 
input changes are followed. These potentio- 

35 meters' shafts are driven in accordance with 
the rotation of the drive shafts of the servo 
motors. Other drive mechanisms may be 
used, such as a rack and pinion. 
Reference will now be made to Figures 5 

40 to 7 which illustrate various features of a 
preferred embodiment of the invention. In 
this embodiment the concave mirror 8, lens 
9 and heat filter 12 are provided as an 
optical unit which is readily obtainable com- 

45 mercially. The lamp 7 and lenses 10 and 11 
are suitably mounted in association witih 
this optical unit so that the optical con- 
figuration is as illustrated in Figure 2. A 
detailed description of the mounting ar- 

50 rangement for these elements is thought 
unnecessary here. 

The plates 14 and 15 are mounted one on 
either side of a mounting plate 36 having a 
rectangular aperture 37 and arranged ver- 

55 tically normal to the axis 16 to locate the 
plates optically following the condenser 
lenses 10, 11. Transparent lines 19 and 20 
are formed on mutually facing surfaces 3Sa, 
39a of two planar glass slides 38 and 39 

60 respectivdy, attached to the inner faces of 
the plates 14 and 15 within the area of the 
aperture 37. The plates 14 and 15 are 
formed with respectively horizontal and ver- 
tical elongate apertures 40, 41 over which 

65 the slides 38 and 39 are attached. These 



slides project inwardly of the depth of the 
aperture 37, so that the separation of the 
surfaces 38^2 and 39a is as smaU as pos- 
sible, to ensure good focus for the projected 
spot The opacity, apart from the trans- 70 
parent lines, of the slides 38 and 39 is pro- 
vided by a coating on the surfaces 3Sa and 
39^ which coating may be an emulsion 
layer as on an exposed photographic plate, 
or alternatively a sputtered metallic layer. 75 
The metallic layer is preferred since, being 
highly reflective, it prevents over-heating of 
tlie slides. 

The plates 14 and 15 are rectangular, and 
their parallel longer edges are bevelled to 80 
engage with low friction rollers 42 of, for in- 
stance, nylon. Three such rollers are lotat- 
ably mounted on each side of the mounting 
plate 36, two rollers engaging one edge and 
the third engaging the other edge of the 85 
respective plate. The rollers 42 each have 
a circular flange 43 which serves to space 
the plate from the surface of the mounting 
plate 36, and, integrally formed therewith 
a frustoconical portion 44 which engages the 90 
bevelled edge 14^1 or 15a of the plate. 

The stepper motors 21 and 27 are both 
disposed on the side of the mounting plate 
36 carrying the plate 15. Edge plates 45 and 
46 are fixedly attached respectively to a 95 
vertical and the top edge of the mounting 
plate. The motors 27 and 21 are mounted, 
by means of spacers 47 on the edge plates 
45 and 46 respectively, and the gear wheels 
23 and 29 are located in cut out portions 
along the edges of the mounting plate. The 
internally threaded member 26 on plate 14 
projects through a slot 48 in the mounting 
plate. 

The spring loading of the plates to re- 105 
move backlash is provided by coil springs 
49, 50 wound on spools 51 and 52. These 
spools are rotatably mounted m further 
slots 53 and 54 in the mounting plate, and 
the free ends of the coil springs 49, 50 are 110 
fixedly attached to the plates 14, 15 re- 
spectively. In a particular embodiment the 
aperture defined by the intersection 18 was 
movable within a rectangular area 36 mm 
in width and 24 nmi in hei^t, and the 115 
maximimi speed of the motors was such 
that the minimum traverse time of this 
aperture was about 40 seconds for full hori- 
zontal travel, and 15 seconds for full ver- 
tical travel. 120 

Referring now to Figure 8. a shutter ar- 
rangement 17 is illustrated, in which a plur- 
ality, in this instance three blades are pivot- 
ally mounted on a support plate 55. Each 
blade is attached to the shaft 56 of a two 125 
position rotary actuator 57, which may, 
for example be a stepper motor or a rotary 
solenoid mounted on the opposite side of 
the support olate, which has a central aper- 
ture 58. The projection lens system is 130 
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mounted on the opposite side of the sup- 
port plate in optical alignment with aper- 
ture 58. One of the blades 59 is a shutter, 
and when positioned over the aperture 58 
5 prevents the projection of a light spot. The 
other two blades 60 constitute mounting 
elements for a pair of coloured filters, one 
green and one red, and are formed with 
circular apertures in, or over which the 

10 filters are fixed. By selectively positioning 
the blades .60 by operation of the respective 
two-position rotary actuators, the pro- 
jected light spot may be coloured green or 
red. If no blade Is positioned over the. 

1^ aperture 58, a white spot i& projected. 
Operation of the motors. 57 is again con- 
trolled by the computer. 

Figure 9 illustrates an alternative arrange- 
ment in whic±i a filter plate 61 is pivotally 

20 mounted on the support plate 55 and at- 
tached to the . spindle of a three position 
rotary actuator 62 so as to be movable to 
any of three position. In one of these posi- 
tions an aperture 63 in the filter plate 61 is 

25 positioned over the aperture 58 in the sup- 
port plate, to allow a white spot to be pro- 
jected. In the other positions either a green 
or a red filter 64 or 65 is positioned over 
the aperture 58. To block the fight, a blade 

30 66, and a two-position rotary actuator are 
provided as in the arrangement of Figure 8. 

It will be readily understood that with 
the planar movement (as distinct from an 
angular movement) of the crossing point of 

35 the two lines 19 and 20 there is a linear 
relation between the movement of this point 
and the corresponding movement of the 
light spot on the flat screen. That is to say, 
if the crossing point is moving at a cbn- 

40 stant speed in a particular direction, the 
light spot on the screen moves in tlie same 
direction at a constant, but greater, speed. 
This is particularly advantaigeous, since in 
an arrangement such as that illustrated in 

45 Figure 1, where a plurality of projectors are 
employedi these may be disposed about the 
centre line A — of the system, and a single 
zero correction made to each projector dur- 
ing setting up to bring the zero positions of 

50 their individual light spots into exact coin- 
cidence on the screen. This- zero correction 
may be provided either by a small lateral 
movement of the projector lens, by an elec- 
trical zero setting in the servo drive ampli- 

55 fier used to drive the corresponding servo 
motor, or by a zero setting command in 
the computer Such correcdons may be 
used together, the lens adjustment giving an 
approximate correction, and the electrical 

60 or computer adjustment giving a fine cor- 
rection. 

The rotary actuators operating the shut- 
ter arrangement 17 are controlled by the 
computer so that the- blades/shutter plate 
65 may.be operated in accordance with a pre- 



determined sequence, to simulate any of 
a nimiber of different types of navigation 
light, such as a flashing white light, or a 
constant red light etc., the sequence of thee 
flashing being determined by the length of , 70 
and separation between, voltage pulses ap- 
plied to the rotary actuators which may be 
stepper motors. 

It will be appreciated that when the ap- 
paratus is in use as a marine navigational 75 
simulator, lights at or about the horizontal 
mid-line of the screen will represent navi- 
gational lights on ^e horizon, i.e. distant, 
while lights nearer to the bottom of the 
screen will represent closer navigational 80 
lights. It is desirable, therefore that 
the light spot increases in apparent bright- 
ness when it moves downward across 
the screen, while remaining substantially of 
the same brightness when it moves only 85 
horizontally. A lenticular projection screen, 
when arranged with its lines runnmg vertic- 
ally provides a reflectance polar diagram 
which is such that the required variation of 
apparent brightness can be obtained with- 90 
out the use of complex apparatus. To 
achieve this it is arranged that the projec- 
tor-screeh-eye path is on the polar diagram 
maximimi when the light spot is at the bot- 
tom of the screen, and is off the maximum 95 
when the light spot is at the middle of the 
screen. Alternatively, the change in bright- 
ness may be brou^t about by varying the 
lens aperture or projector lamp brightness 
by command from the computer. 100 

WHAT WE CLAIM IS:— 

1. A projector for projecting a movable 
spot of light onto a screen comprising an 
optical system including means defining an 105 
aperture which is controllably displaceable 

in a predetermined aperture plane, a light 
source for illuminating the aperture and 
means for focusing an image of the illum- 
inated aperture onto the screen to form a 110 
spot of light thereon, said means defining 
the displaceable aperture comprising a first 
movable element defining a straight slot 
which is transparent to light from said light 
source, a second movable element which 115 
defines a straight slot which is also trans- 
parent to light from said light source and 
which crosses the slot of the first element at 
a crossing point defining said aperture, and 
means for independently moving said first 120 
. and second elements to displace the aperture 
in said aperture plane. 

2. A projector according to claim 1 
wherein the said slots extend in orthogonal 
directions. 125 

3. A projector according to daim 1 or 
claim 2 wherein said first and. second ele- 
ments are mounted for movement in ortho- 
gonal directions. . . 

4. A projector according to claim 3 and 130 
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claim 2 wherein the first and second ele- 
ments are each mounted for movement in 
a direction nonnal to the direction of ex- 
tension of the respective slot 
5 5. A projector according to any pre- 
ceding claim wherein the first and second 
elements comprise a pair of plates, each of 
which is opaque apart from a fine straight 
transparent line which constitutes the re- 
10 spective straight slot, said plates being 
mounted adjacent and parallel to one an- 
other. 

6. A projector according to claim 5 
wherein each plate is mounted for linear 

15 movement in its own plane. 

7. A projector according to claim 5 or 
claim 6 wherein each plate is formed with 
an elongate aperture and includes a planar 
slide disposed over said elongate aperture 

20 on one side of the plate, said fine trans- 
parent line hieing fonned in said slide which 
is otherwise opaque, 

8. A projector according to claim 7 
wherein said plates are mounted with their 

25 respective slides parallel to and adjacent 
each other. 

9. A projector according to claim 7 or 
claim 8 wherein, in respect of each plate, 
the fine transparent line is fomied in an 

30 otherwise opaque coating on a surface of the 
respective slide. 

10. A projector according to claim 8 
and claim 9 wherein said opaque coatings 
are provided on mutually facing surfaces of 

35 said slides. 

11. A projector according to any pre- 
ceding claim wherein the means for moving 
the first and second elements comprise, in 
respect of each of said elements, a drive 

40 assembly comprising a motor having a rotat- 
ahle drive shaft coupled to move the re- 
spective element through a lead screw drive 
assembly. 

12. ^ A projector according to claim 1 1 
45 wherein said motor is a stepper motor. 

13. A projector according to claim 11 
wherein said motor is a servo motor and 
said drive assembly also includes a servo 
potentiometer having a rotatable shaft 

50 coupled for rotation in accord with the rota- 
tion of the drive shaft of the motor. 



14. A projector according to any of 
claims 11 to 13 wherein each said element is 
spring biased to overcome backlash in the 
lead screw assembly. 55 

15. A projector according to any pre- 
ceeding claim including a displaceable 
shutter for interrupting the optical path of 
light from the aperture. 

16. A projector according to claim 15 60 
wherein the shutter comprises a blade 
mounted on the shaft of a rotary actuator 
which is selectively qperable to pivot the 
blade into and away from the said optical 
path. 65 

17. A projector according to any pre- 
ceding claim including a coloured filter dis- 
placeably mounted to be interposed in the 
optical path of light from the aperture. 

18. A projector according to claim 17 70 
wherein the filter is carried by a mounting 
element mounted on the shaft of a rotary 
actuator which is selectively operable to 
move the filter into and away from the 
said optical path. 75 

19. A projector according to claim 18. 
and including a plurality of said filters, each 
of different colour, and each carried by a 
respective mounting element mounted on the 
shaft of a respective stepper motor. 80 

20. A projector according to claim 18 
and including a plurality of said filters, each 
of different colour and each carried on said 
mounting element. 

21. A projector for projecting a move- 85 
able spot of light onto a screen, substan- 
tially as herein before described with refer- 
ence to and as shown in Figures 2 to 9 of 

the accompanying drawings. 
22. A simulating system including a 90 
screen and a plurality of projectors accord- 
ing to any preceding claim arranged to pro- 
ject light spots onto the screen, the first 
and second elements of the projectors be- 
ing displaceable to produce a changing 95 
pattern of tights on the screen. 
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